Copper toxicity has been described in numerous domestic species. The characteristic lesions include hemoglobinuric nephrosis and piecemeal hepatic necrosis with bile ductular hyperplasia and portal fibrosis. Certain species, such as sheep, are prone to toxicity when exposed to copper in feed, whereas an inherent genetic defect of copper storage is present in some breeds of dogs (Bedlington Terriers, West Highland White Terriers, Doberman Pinschers). In nondomestic species, reference ranges have not been established for copper in internal organs, so the establishment of copper toxicity as a diagnosis is difficult. A case of copper toxicity in a captive Mexican fruit bat is presented. Hepatic copper levels in 16 additional bats, of at least 3 different species, were measured. To the authors' knowledge, this is the first reported case of copper toxicity in a chiropteran.
An adult captive Mexican fruit bat (Artibeus jamaicensis) died without previous signs in its zoo enclosure. The bat was housed in an indoor exhibit with 20 other bats of the same species. It was fed a diet of various fruits exclusively. None of the other bats have shown any clinical signs of disease, and there were no other reported deaths. The bat was necropsied by the referring veterinarian. Enlarged kidneys were noted. Samples were submitted in 10% neutral-buffered formalin to the Diagnostic Center for Population and Animal Health at Michigan State University for histopathologic examination.
Formalin-fixed tissue sections were paraffin embedded, and 5-m sections placed on glass slides were stained with hematoxylin and eosin (HE). Multiple, variably sized, random foci of hepatocellular necrosis were characterized by loss of architecture and hypereosinophilia. Numerous necrotic hepatocytes had nuclei in varying states of pyknosis, karyolysis, and karyorrhexis ( Fig. 1 ). Diffusely scattered inflammatory infiltrates in multiple sinusoids were composed of macrophages, lymphocytes, and neutrophils predominantly. Many of the macrophages and hepatocytes were mildly to moderately distended with gray-brown, finely granular cytoplasmic pigment (Fig. 2) . Abundant copper was found corresponding to the cytoplasmic granules in both the hepatocytes and macrophages when sections of liver were stained with rhodanine ( Fig. 2 ). Many renal proximal tubules contained hemoglobin casts, confirmed by Okajima hemoglobin stain, and there was associated epithelial degeneration ( Fig.  3 ). The histologic findings of acute hepatocellular necrosis with rhodanine-positive cytoplasmic pigment and hemoglobinuric nephrosis were consistent with copper toxicosis. To quantitate liver copper levels, sections of formalin-fixed tissue were analyzed for heavy metals using inductively coupled plasma-atomic emission spectrometry (ICP-AES), as discussed elsewhere. 2 Liver copper was 4,540 ppm dry weight, which was considered to be a toxic concentration. The mean liver copper of 17 ppm dry weight of 16 other bat submissions to the Diagnostic Center for Population and Animal Health was determined through a retrospective analysis of archived tissue ( Table 1) .
Copper is a well-documented cause of liver toxicity in many domestic species, including sheep, dogs, cats, horses, cattle, goats, pigs, and camelids. 3, 5, 7, 10 There are 3 main causes of hepatic copper accumulation: excessive dietary copper, inherent defects in copper metabolism, or impaired copper excretion in bile.
Excessive gastrointestinal copper absorption may exceed the metabolic capacity for storage in the liver. 5, 6, 9, 10, 12 This is the chief mode of copper toxicity in sheep on pastures rich in copper-containing plants or deficient in molybdenum. 10 In domestic animals, most cases of acute copper toxicity result from the parenteral administration of copper-containing compounds (copper glycinate) or the consumption of copper sulfate-containing footbaths, licks, or salt-mineral mixes. Dietary sources rich in copper include shellfish, legumes, and cereal grains. Fresh fruit and vegetables are usually considered to be low in copper. 9 Copper toxicity is often found in association with hepatotoxicity due to other toxins. Preexisting hepatic damage from other toxins may predispose animals to copper toxicity in the face of relatively normal copper intake. For example, sheep grazing on pyrrolizidine alkaloid-containing plants such as Heliotropium or Echium in eastern Australia or phomopsin from lupins in Western Australia and South Africa develop chronic liver disease that predisposes to outbreaks of chronic copper poisoning. 6, 7 Abnormal storage of copper in the liver may occur with inherited defects of metabolism, 5, 9, 10 as has been documented in Bedlington Terriers, West Highland White Terriers, and Doberman Pinschers. 9, 12, 13 The genetic defect causes derangement of lysosomal copper metabolism and subsequent hepatocel- lular necrosis. 1, 9, 12 In Bedlington Terriers, the defect is an inherited autosomal recessive disease, resulting in decreased copper excretion in the bile and increased hepatic and renal copper concentration. 9, 10, 12 In the lysosomes of centrilobular hepatocytes, copper is largely bound to metallothionein, an inducible low-molecular weight cytoplasmic protein synthesized in response to various heavy metals, hormones, and physiologic factors such as stress. 9, 12 Metallothionein has high affinity for metals such as copper, zinc, and cadmium, and the hepatic form plays an important role in trace mineral homeostasis, free radical scavenging, and detoxification of heavy metals. 9 Release into the bile is the major route of copper excretion from the body, so an acquired defect in biliary excretion may cause sufficiently increased hepatic copper to lead to toxicity. 4, 5, 9, 10, 12 The underlying basis for copper toxicity in each of these instances is the avidity of the liver for copper, coupled with the near-exclusive excretion of copper in bile and the limited rate at which this occurs. 1, 4, 7, 9, 10 Copper storage begins in the centrilobular hepatocytes, where most of the copper is sequestered in hepatic lysosomes. 7, 9, 10, 13, 14 Lysosomal membranes lose integrity as copper accumulates, and copper lysosomal hydrolases are released, irreversibly injuring the cell. 7, 14 Hepatocellular necrosis and apoptosis occur, the accelerated loss of hepatocytes leads to acute massive copper release causing hemolysis and accumulation of hemoglobin casts in the renal tubules. 7, 10 Renal tubular hemoglobinuric casts cause ischemia and direct damage to the epithelium, resulting in tubular necrosis. In acute hepatic toxicity, the metabolic capacity of the liver to store copper is rapidly compromised, and necrosis occurs rapidly with subsequent renal tubular nephrosis due to hemolytic crisis. Bile ductular hyperplasia, bridging portal fibrosis, and hepatocellular regeneration are seen in chronic cases. 1, 3, 7, 10, 11 Copper toxicity has been documented in various wildlife species, which may act as biomonitors for environmental sources and contamination of copper. 8, 9 Environmental conditions, such as the soil copper content, can have profound effects on intake. 9 Bats have been biomonitors for copper and other metals in cases of environmental water contamination from oil drilling and mining. 8 The bats accumulated the elements after feeding on insects that have spent the aquatic phase of their life cycle in contaminated water. 8 In the described case, a bat in a confined exhibit area was fed fresh fruit and water exclusively. Fresh fruits have relatively low copper concentrations. No mineral supplements were present in the diet of the bats in the enclosure, which were fed from a common food source on the floor of the enclosure. Other bats from the enclosure have shown no clinical signs of disease. Excessive copper absorption as a cause of liver disease appears unlikely to be the cause because of the lack of other cases. Artibeus jamaicensis has been known to Table 1 . Reference range for hepatic copper, developed using retrospectively obtained ICP-AES values for 16 bats. chew through various materials (S. Pedersen, personal communication), but there were neither known copper-containing compounds present nor any history of inappropriate chewing behavior in any of the bats. Sensitivity to copper varies substantially between species 7 and between individuals of the same species. 3 Ideally, hepatic biopsies from other bats in the enclosure could be evaluated histopathologically and toxicologically for copper accumulation to check for an environmental source for copper versus an individual copper storage disease in a single animal. However, hepatic biopsy is not practical because of the small body size of these bats (average 25 g).
The histopathologic and toxicologic findings confirmed acute copper toxicity in this case. No published reference range for hepatic copper is available for A. jamaicensis, but a reference range was generated from 16 bats (including frugivorous and hematophagous species) that submitted for necropsy. The hepatic copper reference range determined was 1.08-99.2 ppm dry weight (mean 17 ppm). The hepatic copper concentration in the bat described in this report exceeded the levels identified in these 16 bats. The established normal hepatic copper concentration (ppm dry weight reference ranges) in domestic species used in the authors' laboratory is in the range of 105-350 in dogs, 130-158 in cats, 14-26 in horses, 88-350 in sheep, 14-21 in cattle, and 87.5-321 ppm dry weight in llamas. Tissues were available for histopathologic examination from 2 of 16 bats (animal numbers 7 and 11) submitted for toxicologic examination, and there was no evidence of an underlying hepatotoxicity in these animals. The hepatic copper concentration in the 16 bats is generally lower than that in other domestic species, except for horses and cattle. Low copper levels in these bats may reflect the low dietary copper in these frugivorous and blood-feeding bat species.
To the authors' knowledge, this is the first reported case of copper toxicity in a Mexican fruit bat. The diagnosis is supported by the characteristic histopathologic findings of multifocal hepatocellular necrosis with abundant detectable copper and renal tubular hemoglobinuric nephrosis with hemoglobin casts. The ICP-AES analysis revealed markedly elevated copper in the described bat (4,540 ppm) compared with 16 bats with no evidence of copper-associated liver disease (17 ppm average). The report includes the first published reference ranges for liver copper concentration in 16 bats of at least 3 species. Further work is necessary to determine hepatic copper reference ranges of bat species dependent on their varied dietary habits. Additional data will allow assessment of cases of potential copper toxicosis in bats, facilitating treatment and prevention of this condition. 
Prunus spp. intoxication in ruminants: a case in a goat and diagnosis by identification of leaf fragments in rumen contents
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Abstract. Prunus serotina Ehrh. (black cherry) intoxication was diagnosed on postmortem examination of a goat. The clinical signs were weakness, depression, seizure-like activity, and lateral recumbency. Natural cases of black cherry intoxication have not been reported in goats in the United States. In the absence of a history of access to black cherry or the ability to detect cyanide or cyanogenic glycosides in blood or tissues, black cherry intoxication may be diagnosed in ruminants by the identification of black cherry leaves in rumen contents. Three distinctive features facilitate identification of black cherry leaves or leaf fragments: 1) a pair of small glands that protrude from the sides of the petiole just below the base of the blade, 2) incurved, glandtipped (callous) teeth along the margins of the leaf, and 3) a band of hairs to each side of the lower half of the midvein on the surface of the leaf. Shape of the marginal teeth, presence or absence of glands at the tips of these teeth, the morphology of these glands, and presence or absence of petiolar glands and their morphology may allow identification and differentiation of small fragments of leaves from the 6 most important cyanogenic Prunus spp. in eastern North America: black cherry, Carolina laurel cherry, peach, English laurel cherry, choke cherry, and fire cherry.
A 2-year-old male goat exhibited seizure-like activity, rigidity, depression and muscle weakness that progressed to lateral recumbency and death. The goat was submitted to the Tifton Diagnostic and Investigational Laboratory at The University of Georgia for necropsy.
On gross postmortem examination, the goat appeared in poor body condition with minimal body fat stores. The lungs were multifocally congested and wet. The rumen contained roughage, a moderate number of intact leaves, and numerous leaf and stem fragments. No other abnormalities were observed on gross examination.
Tissues were taken from multiple organs and processed for routine histopathologic and bacteriologic examination. by direct electron microscopy. Liver and kidney samples were submitted for copper and lead analysis. Rumen contents were collected for identification of plant material.
Light microscopy revealed that the lungs had multifocal alveolar capillary congestion with areas of edema. The liver had multifocal centrilobular areas of necrosis. There were no microscopic abnormalities in other organ systems.
Toxicological analysis of the kidney for lead by atomic absorption spectroscopy was negative (less than 0.5 ppm of lead, wet weight basis). Liver copper concentration was 6.38 ppm (wet weight basis). Copper values less than 10 ppm wet weight are considered evidence of copper deficiency, and copper values exceeding 250 ppm wet weight are considered evidence of excess copper. 10 Aerobic and anaerobic bacterial cultures were negative. Direct electron microscopy of intestinal contents was negative for viruses. No other virologic tests were performed.
Plant material in the rumen consisted predominantly of black cherry leaves (Prunus serotina Ehrh.). A small number of leaf and stem fragments from an unidentified grass were
